Abstract
Since 20 April 2003, SARS has been considered as a top priority issue in the government's agenda. However, because of the failure at the early stage in effective control of the spread of SARS, the prevalence of SARS had been increasing linearly until 15 May, ending up with 5,327 cases ( Figure 1 ). 
Failure to contain SARS in the early stages
The failure of the immediate response to the outbreak of SARS highlighted the vulnerability of the Chinese health system in an emerging crisis, due to inadequacies in the surveillance and reporting systems, which are addressed below.
Multi-sectoral hierarchical administrative structure
The multi-sectoral and strongly hierarchical administrative structure creates a major obstacle for the Chinese public health system in collecting accurate and timely data and developing consistent strategies to deal with an emerging crisis across sectors. There are several hierarchical systems engaged in health service delivery, including the government funded public service system, the private system, the military health system, and enterpriseowned health systems. Medical facilities sponsored and administered by economic enterprises (railways, coal industry, telecommunications industry, etc) comprise about half of the medical resources (44% and 72% for hospitals and public outpatient clinics respectively) (MOH, 2000) . For example, the railway system has developed a complex health delivery system, including public hospitals, epidemic prevention stations and even medical universities (although the government has moved in recent years to bring all universities under the control of the Ministry of Education). Communication is rare across these sectors, and between these sectors and local health authorities. Although there has been a strong call in recent years for the development of unified governing bodies to plan and manage health services based on geographic catchments, the separation remains largely unchanged.
In recent decades, the vulnerability of China's public health information system has not been apparent, largely because of the success of the reporting system for notifiable diseases, which legally defines the roles of various sectors. All health organisations are required to report notifiable diseases (3 categories and 29 infectious diseases) to the local epidemic prevention stations (Ministry of Health, 1991 There are also problems with information flow within a single hierarchy. Data are usually reported layer by layer from bottom to top, which contributes at least in part to the slow response to emerging crisis. This reporting arrangement also increases the chance of errors, since many steps are involved in data collection and manipulation, each providing a risk that the information is distorted. According to the legislation for the control of communicable diseases (Ministry of Health, 1991) , categeory one diseases have to be reported to local epidemic prevention stations within 6 hours (12 hours in rural areas) of diagnosis. The deadlines for categeory two and three diseases are 12 hours (24 hours in rural areas) and 24 hours respectively. Once provincial governments have been informed of the occurrence of category one diseases and outbreak of other notifiable diseases, they are required to report to the Ministry of Health. However, the reporting requirements between the local epidemic prevention station and the provincial government (that is, through the county and municipal levels) are not defined. Moreover, the military health system is required to report directly to the central government while the enterprise-owned health organisations are required to report to the local epidemic prevention stations "periodically" (Ministry of Health, 1991) . Given this situation, neither the central government nor the local governments can be reliably informed of the outbreak of disease in a timely and accurate manner.
The multi-sectoral hierarchical structure also creates obstacles for mobilising community resources and increases difficulties in developing collective and collaborative efforts towards an agreed goal. For example, when local health authorities were trying to re-allocate health resources and re-orient health services to focus on SARS, other industries were not prevented from ignoring those strategies and developing their own initiatives and services. This could be vital in dealing with an emerging crisis that needs immediate and unified collective efforts such as SARS.
Household registration and registration-based public health service arrangements
One of the major concerns in China's SARS campaign was the risk of SARS spreading to rural areas through "floating populations", which lack financial resources and good access to health care. (Wang Longde, 2003) . Preventing the spread of SARS to rural areas was critical, given that more than 60% of Chinese citizens are rural residents.
The household registration system formed a great obstacle for the implementation of public health measures among floating populations. China still maintains a residential permit system, but it no longer prevents people from moving around. Traditionally public health projects and planned community activities are arranged in line with the household registration and residential permit system. As a consequence, such programs rarely cover those who live in the communities but are registered as residents of different districts, particularly rural migrant workers (who are registered in rural areas). Because public health funding is allocated in accordance with the number of registered residents, floating populations are commonly excluded from the public health service benefits enjoyed by the registered residents.
A large number of the floating population are living in very poor conditions and are exposed to higher health risks than registered urban residents (Wong and Chiu, 1998; Dong, 2001; Zhang, 2001) . The fifth national census showed that more than 121 million people were on the move at the time of the census. About 74% of the total floating population were moving from rural to urban areas (China Statistics Bureau, 2002) .
In fact, the community governing bodies (residential committees) rarely see floating populations as their responsibility, although many may have been temporarily registered. Meanwhile, the floating populations are commonly seen as a potential source of SARS transmission (and other communicable diseases). Some residential committees instructed their temporary residents to move out of their communities, ignoring the fact that this could have exacerbated the spread of SARS to other communities.
Poor preparation of public health system in responding to emerging crisis
In the early 1980s, the Chinese government initiated market-oriented economic reform (Hindle, 2000) . With respect to the health sector, the most salient changes included the devolution of public sector finance to various levels of government and the decentralisation of administrative responsibilities to individual cost centres (Aldis, 1989; Bloom, 1997, p12; Pei, 1998, p. 36; CMA, 2003) . Health organisations carry more financial responsibilities than ever before (Pei, 1998, p. 45; Liu, X. and Mills, 2002; Bloom and Gu, 1997) .
China has established an independent public health hierarchy in parallel with the medical and hospital hierarchy. Public health institutions are no longer seen as pure welfare entities (Liu and Mills, 2002) and the share of the total health budget allocated to public health services has decreased. In all government-funded health sectors, the gap between government budgets and actual expenditure is covered by user charges (Bloom, 1997, p.11 ) and staff income (through the bonus system) is increasingly determined by the revenue generated (Liu and Mills, 2002) . This situation encouraged health organisations to focus on the delivery of services that could generate more revenue, with unintended consequences, such as the decline of accessibility of health care, the widening inequality between poor and rich (Pei, 1998, p. 46; AusAID, 2000, p. 7; Hindle, 2000) and reduced demand for preventive services.
At the same time, infrastructure and workforce development needs for the public health system have not been properly addressed, and the capacity of public health institutions to organise community action (as in the patriotic health movements) in combating emerging health crises has been greatly weakened. In fact, some of these adverse consequences had been evident long before the SARS crisis, for example, in increasing incidence of vaccine-preventable diseases; in delay and failure of diagnosis and treatment of communicable diseases; and in increases in infant mortality (Liu and Mills, 2002) .
Hospital-dominated primary care system fuelled the spread of SARS
Primary care in China is overwhelmingly provided by hospitals (as first point of contact), especially in urban areas. Patients with different illnesses (including infectious diseases) from various communities gather in a very crowded environment in a few hospitals to seek medical help. Hospitals became one of the biggest sources of SARS infection.
Poor preparation in infection control of public hospitals fuelled the transmission of nosocomial infection. Even very simple measures such as frequent handwashing and surgical masks could be helpful in reducing transmission (Abdullah et al., 2003; Seto et al., 2003) but unfortunately, healthcare workers were apparantly poorly prepared. In China, about 20% (90% at the beginning of the outbreak) of SARS patients were healthcare workers. In turn, they became a potential source of infection for their colleagues and patients particularly when there were no respiratory precautions in place at the beginning of the outbreak. Some existing medical practices, such as the use of ventilators may also have played a role in fuelling the transmission of SARS (Abdullah et al., 2003) .
Some of my interviewees believed that the specialised hospitals in communicable diseases were not well prepared either. Although they might perform well in infection control, the quality of facilities and workforce of these hospitals fell far behind many of the comprehensive hospitals, especially the tertiary hospitals. This is at least partly due to the emphasis on the importance of non-communicable diseases in the past decade. One of my interviewees expressed deep sorrow for the loss of some healthcare workers, who might have survived if better quality services were provided. "Some of my colleagues died of SARS in the communicable diseases hospital. By contrast, many more severe patients with SARS survived in our own hospital. Why? Because they were too frail to be transferred to other organisations. As a consequence, they stayed in our own hospital and received better treatment because of the better equipment and better quality of medical workforce. I am so sorry. You know, those who died in the communicable diseases hospital walked to that hospital by themselves. It is hard to imagine."
Poor response of public media
The role of public media in disseminating information about SARS was criticised by many Chinese people. The dramatic change from under-reporting before 20 April to over-reporting after that date was believed to have resulted in public panic and lack of confidence of the public to combat SARS (Xinghua Agency, 2003a) .
Successful control of SARS
The basic instruments in combating SARS remain largely the same all over the world, which universally includes reporting and isolating probable and suspect cases; contact tracing and quarantine; public education, screening and self-protection, and travel restrictions (CDC, 2003; Donnelly et al., 2003; Editorial, 2003a; Maunder et al., 2003; Rodier, 2003; Schabas, 2003; VanDenKerkhof, Goldstein and Rimmer, 2003) . However, the strategies adopted in each country to implement the above instruments varied considerably. China adopted a centralised top down and very aggressive approach in accordance with the specific Chinese cultural and political environment (Maunder et al., 2003; VanDenKerkhof et al., 2003) . In general, China's experience was less technology-dependent. China adopted a strategy that is analogous to the traditional "patriotic health movements", which has proved to be effective in controlling many types of communicable diseases.
Government commitment and coordination in the SARS crisis
Although SARS is not the only public health concern that spread across national boundaries, the speed with which it happened is unique (Mariani, 2003) . This led to very quick responses from international organisations, including WHO's release of travel advisories to several SARS affected countries. China, as a country believed to be the origin of SARS, confronted the greatest pressure from both political and economic perspectives.
Mrs Wu Yi, the vice premier, was appointed as the new health minister to lead the SARS compaign. This indicated the strong commitment of the central government to dealing with SARS. Since then, governments at all levels have begun to see SARS as a top priority in the government agenda. This is widely believed to have been critical in achieving the success of SARS campaign (China Daily, 2003; Wu Yi, 2003) .
Wu Yi is the first health minister in China's history who has no health science background and who had been a very senior government official (vice premier) when taking the position of health minister. Many of my interviewees believed that this arrangement has benefit not only in establishing a powerful leadership in the SARS campaign, but also will benefit the health system in the long term. "I have never seen such an awareness of our governments in health issues. Because Wu Yi remains vice premier, so many provincial governors attended the national health conference. It is amazing. It is unprecedented." (a health official) A right structure in place to enable adequate leadership and multi-sectoral coordination is critical in the SARS compaign. The commitment of central government led to multi-sectoral involvement and mass movement. All health resources were quickly integrated under consistent guidelines of the government. At each level of government, a leadership command team was developed. Non-governmental organisations, residential committees and enterprises also established leadership teams to protect their own communities from SARS. Recommendations from public health professionals have never been so greatly appreciated by government officials and the public.
To overcome the barrier caused by the household registration system in combating SARS, the Chinese government has had to define clearly the role and functions of local governments in the locations where SARS was identified. All probable and suspect cases of SARS are required to be isolated and managed immediately at the place where diagnosis was made, including provision of free medical care for isolated patients.
Mass qurantine inspection was arranged in all important transport stations (particularly inter-municipality and inter-provincial transports). Once SARS-related symptoms were identified, the tourists would be isolated and treated promptly. Those people who had close contacts with SARS patients would also be quarantined locally. Others would be allowed to continue their trips, and notice would be given to the local (township) governments at the destinations of these tourists so that medical observations could be arranged (Wang Longde, 2003) . On 15 May 2003, the Ministry of Railways promulgated a quarantine policy that required all railway passengers to fill out a health statement so that contact tracing could be arranged if necessary (Xinghua Agency, 2003e) . In Beijing, the requirement for health statements even applied to taxi services.
Having witnessed the success of the SARS compaign, Chinese people have regained their confidence and trust. About 72% of Chinese residents surveyed believed that the Chinese government has a strong capacity to deal with emerging crises. More than 80% of those surveyed were satisfied with the strategies adopted by government authorities in combating SARS. About 90% believed that China would re-gain its rapid economic development after the SARS crisis (Xinghua Agency, 2003a).
Ministry of Health response to SARS
The healthcare delivery system was re-organised by the Ministry of Health according to consistent guidelines. The first response of the health authorites was to require all hospitals to admit SARS patient to avoid possible refusal of such patients and subsequent community transmission of SARS. The health authorities soon realised that the poor preparedness of many hospitals (and healthcare workers) might fuel the spread of SARS. The policy changed to concentrated management of SARS patients in designated hospitals for reasons of both infection control and quality care (Wang Longde, 2003) . Meanwhile, fever clinics were established to screen and identify SARS cases. Tight timelines for reporting SARS cases to health authorities were set (two hours for urban medical organisations and six hours for rural medical organisations from the time of diagnosis) (Reuters, 2003) .
Later, designating SARS hospitals was also a strategy for restoring normal hospital services for other patients. The list of designated SARS hospitals was shortened to a few specialised hospitals for communicable diseases at the final stages of the SARS campaign (Beijing Newspaper For Youth, 2003) .
The SARS hospital in Xiao Tang Shan is an example of great success. While 680 SARS patients were admitted to this hospital, only 8 died (Xinghua Agency, 2003c) , and there was no nosocomial infection in this hospital. All of the 1,383 hospital staff members had rich experience in dealing with SARS, with most coming from Beijing and Guangzhou where the most serious SARS outbreaks occurred.
Within the Ministry of Health, staff members were arranged to work in two groups in separate locations to ensure that leadership for health authorities was always available. Public academics in some municipalities (such as Beijing) were seconded to the front-line group to reinforce the public health workforce.
Effective community mobilisation
Community mobilisation and participation played a crucial role in combating SARS (China Daily, 2003; Wu Yi, 2003) . The roles played by residential / village committees (a group of residents elected by community members and approved by the local governments, with responsibilities of ensuring the security and environmental safety of communities; providing support to disadvantaged community members; and organising community activities required by the governments), in combating SARS were remarkable. Their roles usually included: identifying, recording, and reporting patients with fever; disinfecting the community environment; assisting in the implementation of quarantine for community residents (including daily living support to residents under quarantine); and public education. It is particularly important for the residential / village committees to find and identify suspect cases of SARS, especially for those who are unlikely to seek medical help for various reasons (including financial barriers, fear of exposure to SARS, or distrust of medical practitioners). Many volunteers (generally retired residents) were organised to report suspected cases of SARS. Some communities asked their residents to check body temperature daily. More aggressive measures could also be adopted by the residential / village committees. For example, cross-contacts between communities were strictly restricted in some communities (this is possible because Chinese residential communities usually have walls). "During the SARS period, I was even not allowed to buy my breakfast in another residential community nearby where I used to have my breakfast" (Beijing resident).
Similar strategies were adopted in working environments, such as daily disinfection of facilities and check of body temperature. In some organisations, staff members were encouraged to work at home (or simply remain at home) to reduce contacts. Instructions on how to prevent SARS were available at all residential committees. Respiratory precautions (wearing face masks) were widely accepted in all working and living environments.
Village committees also contributed to the success of containing SARS in urban areas. Without government instructions, many villages set up quarantine inspection voluntarily. All visitors were examined. Unnecessary visiting would be refused. For the floating populations (and others) coming from SARS affected cities, some villages organised voluntary quarantine. For example in one village, a quarantine camp was set up at the foot of a mountain. Family members provided food everyday for those under quarantine.
Several surveys revealed that more than 90% of community residents had been aware of the SARS outbreak and knew the symptoms and transmission mechanism of SARS (Shi et al., 2003; Zhan et al., 2003) . More than 98% of surveyed community residents supported the strategies of isolation, quarantine, health statements, and body temperature screening (Shi et al., 2003) . About 60% of residents took protective strategies as recommended by the public health institutions including respiratory precautions, hand washing, and environmental disinfection (Zhan et al., 2003) . Even in rural communities, more than 94% of surveyed residents were aware that SARS is a communicable disease with fever as an early symptom and 73% of rural residents knew that it could be transmitted through respiratory droplets . Most residents reported that they got their knowledge from TV programs.
'Inspiration plus punishment'
'Inspiration plus punishment' was used as a main instrument to mobilise community resources. Using the model of previous mass health movements in China, the SARS compaign was also titled as a "patriotic movement". Hu Jingtao, president of China, pointed out in a national SARS workshop, "national spirit provided us with a drive to achieve success in fighting against SARS". As usual, communist party members were encouraged to act as role models in this compaign. Recently, 100 health organisations and 500 individuals were awarded by the Ministry of Health for being national role models in fighting against SARS (Wu Yi, 2003) . Similar motivational mechanisms were also developed at provincial, municipality and local district levels.
Meanwhile, incentives were established to encourge more people to participate in the frontline battle against SARS. For example, financial subsidies were offered for the healthcare workers in SARS clinics and wards, and university entrance criteria for students with parents working in SARS clinics were lowered.
Preferential policies (such as reduced tax rates and exemption of some fees) were offered to enterprises that employed a large number of rural migrant workers to encourage them to provide appropriate arrangements for the rural migrant workers locally (and thereby prevent them from fleeing back to their home towns (Xinghua Agency, 2003g) . Some enterprises offered free long distance calls (for example, ten minutes per week) for their employees to ease the stress on employees and their families and encourage their employees to stay in the worksite.
To ensure effective implementation of public health measures all over China, strict governmental regulations and rules were promulgated. For example, SARS patients were not allowed to be transferred to other places or organisations without arrangement by government authorities (Deng, 2003) . Government employees were also subject to stringent disciplines, according to a policy document promulgated in May 2003 by the Ministry of Human Resources (and discipline department of the party) (Xinghua Agency, 2003b) .
Transparency in public media
The transparency of transmission of SARS information by the public media is unprecedented in China. For example, people could access the Internet to look at daily reports on the SARS outbreak in each municipality and to search for details of potential contamination of SARS in public transport. A Geographic Information System (GIS) has been developed by the Ministry of Health to be used in monitoring the SARS epidemic (Institute of Geographic Resource, 2003) . In some health organisations, direct access to a national SARS reporting system via Internet has been achieved (Ministry of Health, 2003d) . The openness and transparency also facilitated international communication and collaboration (Wu Yi, 2003) .
Other important factors
Strong financial support was vital to ensure the provision of all goods that were needed in this campaign (including daily life consumables), particularly during the panic buying period when people stored consumables in order to avoid contacts with others (People's Daily, 2003) . The Chinese governments allocated 10 billion for the anti-SARS compaign, which equals to about one fifth of the annual public health budget of recent years (Ministry of Health, 2001 ). As part of this funding, 4.3 billion was distributed to rural areas to strengthen the medical capacity of rural health organisations and ensure the availability of free medical services for rural residents infected by SARS (Xinghua Agency, 2003f; g ).
Furthermore, government authorities made great efforts to provide daily life support for people living in SARS affected areas. For example, from 24 April to 1 May of 2003, 19,717 tons of rice, 1,010 tons of flour, 3,576 tons of salt, 1,343 million face masks, 2.616 million pieces of disinfectant soap, and 225 tons of disinfectants were added to the Beijing market (People's Daily, 2003) .
Finally, the change of seasons contributed to ending the 2003 SARS epidemic. Variances in the distribution of SARS in Guangzhou, Hong Kong, Tai Yuan and Beijing demonstrated that the SARS virus is more likely to be active in temperatures of between 17 and 28 degrees centigrade, with about 95.8% of SARS cases occurring in these conditions (Tan, 2003) . This study indicates that the change of season and climate could contribute at least partly to the reduction and disappearance of SARS.
Conclusion
Wen Jia Bao, premier, summarised in a SARS workshop that five steps are necessary for institutionalising a sustainable public health system for emerging crises, including appropriate response mechanisms (such as timely information support, comprehensive disease prevention and control system, and emergency service system); legislation for emerging public health alerts; medical and social security systems that ensure the accessibility of medical care; strong capacity in scientific research; and public education to improve public hygiene (Xinghua Agency, 2003d ).
China's experience indicates that attention to the privacy of individuals is needed. The first case of SARS was widely reported in the public media, and many of this patient's personal details were revealed, with the result that he had to leave his home and work to evade the great pressure and stigma from the community. Other people who had recovered from SARS also faced discrimination from their communities, which further intensified their feelings of guilt.
The aggressive strategies adopted in this campaign also raise ethical issues. Many patients were reluctant to seek medical help out of fear of being cared for with SARS patients, and many patients who were suffering from fever chose to stay home. Many of my interviewees believed that during the SARS outbreak, more patients died from other illness than SARS because of their refusal to seek medical help.
